Introduction
Dramatic escalations in genome sequencing capacity and the scope of molecular analysis have been seen in recent years. There has been increased use of phylogenetics as a powerful tool in the surveillance and public health control of many pathogens. In the last 5 years alone there were over 750 papers published related to influenza phylogenetics, many of which pertained to low-and middle-income countries (LMIC).
1 Evolutionary analysis of sequence data has proven important in clarifying the epidemiology of emerging and re-emerging pathogens, for instance determining geographic routes of dengue virus diffusion in South East Asia, 2 the origins and transmission dynamics of the latest Ebola epidemic, 3, 4 and whether certain tropical locales serve as global 'sources' for influenza A H3NS virus epidemics. 5 The training of scientists in LMIC, which face a significant communicable disease burden, is a global health priority, 6 and phylogenetics is a rapidly advancing field where training needs are quickly evolving. Epidemiologists, molecular biologists, and other scientists are increasingly expected to be able to infer and/or interpret genetic data obtained from sequenced genomes. However, many LMIC scientists may have limited access to the training necessary to gain these skills. Several websites and publications offer diverse bioinformatic training resources, with SEQWiki alone containing 690 bioinformatics applications.
7-9 However, while many such resources offer detailed 'how-to' instructions, lists of recommended reading, software, or online-classes tend to be more focused on running programs and provide only limited instructions on how to interpret or troubleshoot data output. Some excellent bioinformatics and phylogenetic hands-on workshops exist, including the Multinational Influenza Seasonal Mortality Study (MISMS) workshops organized globally by the Fogarty International Center of the National Institutes of Health. 10 However, these workshops tend to be more advanced and aimed at participants who already have baseline training. Many of the other workshops are located in high-income regions and are prohibitively expensive for most LMIC participants.
There is an increasing role for bioinformatic and phylogenetic analysis in tropical medicine research. However, scientists working in low-and middle-income regions may lack access to training opportunities in these methods. To help address this gap, a 5-day intensive bioinformatics workshop was offered in Lima, Peru. The syllabus is presented here for others who want to develop similar programs. To assess knowledge gained, a 20-point knowledge questionnaire was administered to participants (21 participants) before and after the workshop, covering topics on sequence quality control, alignment/formatting, database retrieval, models of evolution, sequence statistics, tree building, and results interpretation. Evolution/tree-building methods represented the lowest scoring domain at baseline and after the workshop. There was a considerable median gain in total knowledge scores (increase of 30%, p < 0.001) with gains as high as 55%. A 5-day workshop model was effective in improving the pathogen-applied bioinformatics knowledge of scientists working in a middle-income country setting. To help address this training gap, an intensive 5-day pathogenfocused phylogenetics workshop was offered free of charge in Lima, Peru. The syllabus and learning objectives are presented here to assist others who may want to develop similar programs in LMIC. In order to assess effectiveness and improve potential future workshops for this and other LMIC, the participants' knowledge in applied phylogenetics and bioinformatics was measured objectively before and after the workshop. Specifically, it was sought to describe the participants' baseline knowledge in core domains of pathogen-applied bioinformatics/phylogenetics and to demonstrate any gains in these domains (and overall) after completing the workshop.
Methods

Setting, population, and participant recruitment
The 5-day workshop took place in Lima, Peru, in January 2015 and was advertised via direct e-mails and social media to local Peruvian universities and research institutions. 16 As workshop capacity was limited, participants were selected on a competitive basis, with emphasis on the relevance of the workshop to their current scientific area of study or work (i.e., pathogen research with public health impact requiring phylogenetic analyses). Participants were required to bring their own laptop and have at least intermediate-level English.
Workshop format
The workshop was offered free of charge to participants. It was designed to train scientists in basic evolutionary analysis of pathogen nucleotide sequence data in a public health context, with dengue and influenza viruses being the exemplar pathogens. The specific objectives are listed in Table S1 (Supplementary Material) and the course syllabus is given in Table S2 (Supplementary Material). The workshop comprised morning lectures followed by hands-on afternoon analysis tutorial sessions with three instructors (MM, MN, and IMB, all PhD scientists with a background in pathogen molecular epidemiology, bioinformatics, and genomics). All lecture and tutorial materials were made available to participants via Google Docs before the workshop commenced (https://www.google.com/docs/about/), thus enabling a paperless workshop. Datasets and links for the download of free and demonstration evolutionary analysis software were also provided, and participants were encouraged to bring their own data. [17] [18] [19] [20] [21] The workshop and materials were provided in English, although two of the instructors were fluent in Spanish.
Measurement of participant characteristics and knowledge
A written 20-item knowledge assessment questionnaire was administered to all closed-session participants (n = 21) on day 1 and the same questionnaire was administered immediately after the workshop concluded on day 5. The questionnaire contained a range of questions in five core domains: sequence quality/cleaning, sequence alignment/formatting, database retrieval, evolution models, tree building, and other similar analytical methods, and results interpretation (see Supplementary Material). Each correctly answered question received a 1-point score, with a maximum possible score of 20. All information collected was non-identifiable with a code used to link pre-and post-workshop questionnaire results. The questionnaire was available in English and Spanish and was administered under examination conditions. This study was deemed neither research nor human subjects research by the Walter Reed Army Institute of Research (WRAIR) Institutional Review Board.
Data analysis
Frequencies and means (with the standard deviation (SD)) of participant characteristics and medians of total pre-workshop and post-workshop questionnaire scores (total and by each core domain) were calculated, and changes in questionnaire scores before and after the workshop were assessed. Statistical significance was calculated with non-parametric tests (Wilcoxon signedrank test) due to the skewed data distributions and small number of observations. Associations of baseline scores (and changes in scores) with previous phylogenetic experience and years of working/training in science were also examined by Wilcoxon rank-sum test and Spearman rank correlation. The analysis was performed using Stata version 13 software (Stata Corp., College Station, TX, USA). Table 1 presents the characteristics of the 21 workshop participants, selected from 120 total applications. All were Peruvian and the majority (86%) were working/training in Peru, with the remainder working/training in Brazil. Students made up the greatest proportion of the participants (33%), followed by employees of the US Government (29%), Peruvian Government employees (24%), and those in academia (10%). The majority (52%) stated that they had some previous experience in phylogenetic analysis. The mean time spent working and training in science was 4.9 years (SD 3.4 years). Table 2 presents the median baseline questionnaire scores by individual core domains and overall. The lowest scoring domain at the start of the workshop was in evolutionary models, treebuilding, and other analytical methods (20%, median score 1 of a maximum possible 5 points), which was also the lowest scoring domain after the workshop (60%, 3/5 points). There were statistically significant gains in scores for each of the domains tested, with the exception of database retrieval for which the median score was 100% (2/2 points) before and after the workshop and the number of items tested was small. Of the four other domains with statistically significant changes in scores, the greatest gains were seen in results interpretation and evolution models/tree-building/other analytical methods. There was considerable gain in total overall knowledge scores after the workshop (30%, 6/20 points; p < 0.001) with gains as high as 55% (11/20 points).
Results
Higher baseline median scores were seen in those with previous phylogenetic experience compared to those without (p = 0.04), but there was no statistically significant difference in magnitude of overall knowledge gains between these two groups. The participants' duration of time working and training in science had no correlation with baseline scores or magnitude of knowledge gains.
Conclusions
A feasible model for a brief, intensive, pathogen-focused phylogenetic workshop held in a middle-income country is described, and a workshop syllabus for others to consider using in the development of similar training programs in other LMIC is provided. To the authors' knowledge, this is the first study to provide some indication of the bioinformatics training needs of middle-income country scientists working in Latin America with pathogens of global health significance. This is also the first to assess the effectiveness of a pathogen-focused phylogenetics workshop in a LMIC, although there have been notable publications regarding the progress and challenges of pathogen bioinformatics training in Nigeria. 22 Despite the small sample size, the knowledge gained from the workshop was sufficiently large to be detected in this study. An intensive 5-day workshop model thus appears to be effective in improving pathogen-applied bioinformatics knowledge of scientists working in a LMIC setting. Beyond the small sample size, several other caveats must be considered when interpreting these data. First, the number of questionnaire items was small (limited by time and resources). Second, while the questionnaires were administered under examination conditions (and were available in English and Spanish), administering the questionnaires at the end of the workshop may not reliably infer longer-term changes in participant knowledge and skills. A follow-up questionnaire at 6 and 12 weeks would be preferable; however, administering further questionnaires was not feasible in this study. In addition, questionnaires per se are a limited construct to measure scientific knowledge and skill. Due to logistics and limited workshop spaces to optimize the ratio of instructors to participants, it was only possible to select under 20% of applicants, and the workshop was limited to those with intermediate-level English. For these reasons, the present findings may not be representative of the phylogenetic training needs of other scientists in Peru.
Laptop ownership and English proficiency may be challenges to running this workshop in certain geographic areas. The authors think a key aspect to the success of the workshop model was partnering with local institutions and including local scientists fluent in Spanish in the curriculum. Future workshops could include the entire syllabus in both English and the local language if required. If sufficiently funded, this workshop model could also provide laptops as needed, although this may be a logistical and financial constraint.
Almost half of those participants selected had no phylogenetic experience before, emphasizing a significant training gap for local scientists studying pathogens in this region. The specific baseline training needs in several domains of phylogenetics was highlighted, particularly in models of evolution/tree-building methods, which was the lowest scoring domain at baseline, followed by result interpretation and sequence cleaning. Post-workshop training deficits were also demonstrated, particularly in models of evolution/tree-building methods. These findings could be used to guide future LMIC phylogenetic and bioinformatic workshops adopting the model described here. 
